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Peculiar properties of the FeII-ReIV chain
Slow relaxation in the ordered and metamagnetic phase
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Example: Long-range order in the FeII-ReIV chain 
Introduction
Diffuse orbitals and large magnetic anisotropies resulting from 
strong spin-orbit coupling make complexe  with central ions 
from the 4d and 5d series interesting modules for magnet-
ic materials.1 The preponderance of homo-2 and heteroleptic3 
cyanide complexes has been hard to challenge and only few 
exceptions have been reported.4 Although homoleptic fluo-
ride complexes are well-described in the literature, they have, 
with a sole exception,5 not been employed as modules for 
molecular magnetic materials. This scarcity of hexafluorido-
metallate-based magnetic materials may be due to the harsh 
synthetic conditions often required for the formation of fluori-
dometallates and to their common inherent lability, outside hy-
drofluoric acid solutions, towards e.g. hydrolysis. The combina-
tion of the apparent kinetic inertness and the potential strong 
magnetic anisotropy of 5d systems, led us to explore MF62– 
as possible modules for molecule-based magnetic materials.
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Quantification of magnetic anisotropy
             
Dynamic properties of axially distorted MF62-
Fig. 9. cT data for a series of ReF62- chains. 
 
Fig. 12. Zero-field Mössbauer spectra.
Fig. 7. Magnetic data for (PPh4)2ReF6∙2H2O and 
Zn(viz)4ReF6 and the best-fit using ZFS param-
eters from spectroscopy.   
Fig. 5. INS spectrum of (PPh4-
d20)2ReF6∙2D2O (l = 2.2 Å). Inset: 
High-field EPR of (PPh4)2ReF6∙2H2O.
Fig. 8. AOM calculations of the splitting of 
mS = ±1/2 and ±3/2 from s and p anisotropy 
between axial and equatorial fluoride ligands. 
Fig. 2. Arrhenius plots of 
(PPh4)2ReF6∙2H2O and Zn(viz)4ReF6.   
D = 23.6 cm-1
|E|/D = 0.11 
Fig. 3. Ac susceptibility data of 
(PPh4)2IrF6∙2H2O. Solid lines are fits to 
a generalized Debye model.  
Fig. 4. Arrhenius plot for 
(PPh4)2IrF6∙2H2O.   
Fig. 6. X-EPR of Re:Zn(viz)4ZrF6 (ca. 
5%) at  4 K.  Fit: gxy = 1.68, gz = 1.70, 
Axy = 0.0495 cm–1, Az = 0.0617 cm–1.   
D was fixed to 24 cm–1.
Fig. 14. Magnetic phase diagram.
Figs. 15. Ac susceptibility data of Fe(viz)4ReF6 without (top) and 
with (bottom) a static dc field.     
Fig. 1. Ac susceptibility data of 
(PPh4)2ReF6∙2H2O.   
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peaks are perfectly interpreted by the model. The right panel shows a zoom in the high-Q region of the 
pattern: it is remarkable to refine have that well defined magnetic Bragg peaks at such Q values for this 
type of compound (thanks to the very quality of the measurement). 
If an orthorhombic distortion exists below TN, a deviation from this perfectly collinear arrangement (purely 
antiferroma netic) would be possible. However, given the quality of the refinement (I don’t think it can be 
better), we won’t be able to refine a canting model and angle. It is perfectly understandable from neutron 
diffraction data if the canting angle is small (let’s say less than 5 to 10 degree). 
 
The refined magnetic structure is presented below (brown = Fe2+ ; purple = Re4+). 
   
The values of the magnetic moments are 4.479 µB (∓0.076) for Fe
2+ and 1.919 µB (∓0 077) for Re
4+. 
N.B.: The uncertainty on the value for Re4+ is underestimated because its magnetic form factor is not yet 
well defined and I consequently had to use the one of Mn4+. I have to investigate a bit more the literature 
to see what people say about that (I have the impression that there are very few known magnetic 
structures that include Re4+). 
Conclusions: 
We presented the use of the simple 5d homoleptic fluoride complexes as modules 
for magnetic systems. This is exemplified by the chemically robust [ReF6]2– 
ion, which additionally provides pronounced magnetic anisotropy and
mediation of sizable magnetic super-exchange interactions.
[ReVF6]- [ReIVF6]2-
Hexafluoridometallate modules 
Combined analysis of inelastic neutron scattering,  high-
field and X-band EPR spectroscopies, and magnetic 
measurements unravels the magnetic anisotropy of 
(PPh4)2ReF6∙2H2O. Neglecting hyperfine interactions and 
Zeeman terms with higher order in S, the employed 
Hamiltonian reads:   
[IrIVF6]2-∙2H2O [Re
IVF6]2-∙2H2O
[UIVF6]2-∙4H2O
Hdc = 1000 Oe
14 K 4 K 
P42/n P42/n 
a/Å 12.4437(7)  12.4371(7)  
c/Å 8.1916(5)  8.1892(6)  
R1/wR2 / % 2.0/3.9 4.6/12.6 
Fe-N 2.162(2) 2.158(6) 
Fe-F 2.139(3) 2.135(7) 
Re-Fterminal 1.951(2) 1.947(5) 
Re-Fbridge 1.957(3) 1.959(7) 
20 K 4.2 K 
δ/mm s–1 1.253(1) 1.2568(1) 
QS/mm s–1 0.001(1) 0.001(4) 
Linewidth 0.321(2) 0.3717(3) 
Area 11.61(5) 12.96(7) 
χ2 1.075 1.031 
DFT QS/
mm s–1 
3.7 (PW91) 
4.6 (PBE0) 
4 K 
14 K 
80% probability level 
Fig. 11. Difference pattern of 
neutron diffractograms at  14 K and 2 K.
Fig. 13. Low temperature 
crystallography of Fe-Re chain.
– e–  – 2 H2O 
M(viz)42+ 
KSP et al. Angew. Chem. Int. Ed., 2014, 53, 1351
Fig. 10. Field-dependence of the 
magnetization
JFe-Re = 4.1 cm-1
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